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APPENDIX C
DESIGN EXAMPLES

I. PRESSURE FILTER
Assume: Average hydraulic loading = 2 gpm/ft2  80 L/(min m2)
Peak hydraulic loading =  5 gpm/ft2 200 L/(min m2)
Average plant flow = 100 gpm     400 L/min
Peak plant flow = 200 gpm     800 L/min
Total suspended solids =  30 mg/L
Dual media filter of Anthracite and Filter Sand

Filter Area:

Choose Filter Area = 50 ft2.

Filter Diameter:

Filter area is determined from standard bed sizes as specified in
vendor literature. Assume standard diameters are im, 2m and 3m:

Given standard bed sizes, choose the bed with the closest
dimensions to the 8* diameter. If dual filters are required,
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choose two 6* diameter skid—mounted filters with areas adding to
56.6 ft.. These dimensions are conservative to obtain the desired
50.0 ft area.2 

Solids Loading:

Solids Loading = 0.01199 x 2 gpm/ft  x 30 mgJL = 0.719 lbs/ft /day = (3.51 kg/(m •d))2      2    2

Calculate Filter Piping Requirements:

Influent Pipe:

Maximum Flow = 5 gpm/ft  x 50 ft - 250 gpm = 946.3 L/min = 0.56 cfs2   2 

General sizing criteria is as follows: list the ranges (i.e.,
influent is 1—4 fps, effluent is 3—6 fps, etc.).

Design influent pipe for a velocity of 2 fps (0.61 m/s) at the
maximum flow:

Velocities of different pipe sizes:
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Select 6 in. (150 mm) diameter pipe since its velocity falls
within the optimum range of 1-4 fps (0.3 - 1.2 m/sec).
The 8 in. (200 mm) diameter pipe also falls in the range. An 8
in. pipe costs more than a 6 in. pipe. As long as the pipe run is
not long, the extra HL from the 6 in. pipe should not be
significant.

Effluent Pipe:

Design effluent pipe for a velocity of 4 fps at the maximum flow
of 0.56 cfs:

Velocities of different pipe sizes:

Use the 150 mm (6 in.) diameter pipe since its velocity falls
closest to the optimum range of 1 — 2 m/s (3-6 fps).

Sizing all other system piping (e.g., backwash pipe, filter-to-
waste pipe), the procedure for sizing the influent and effluent
pipes should be followed.

Select type of media to be used based on the application and
calculate clean—bed headlosses through the media at various
loading rates. In the example, 18 inches of anthracite over 12
inches of filter sand is used to show the procedure.

Anthracite Media Specifications:

Effective Size: 0.80 mm to 0.90 mm
Uniformity Coefficient: Not greater than 1.5
Depth: 18 inches
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Headloss through anthracite is calculated using empirical
equations. In this example, the core equation developed by Fair &
Hatch is used:

where: k = coefficient of permeability = 5.0
g = gravity constant = 981 cm/sec2

F = dynamic viscosity = 0.895 x 10  g/cm-sec-2

" = porosity = 0.55
v = approach velocity in cm/sec
y = sphericity.

Calculate the value of in a manner as shown in the following

sheet and calculate value of headloss per length of filter depth
in terms of approach velocity. For anthracite in this example:

h/l = 0.32 v

h = 5.76 v (inches) for 18” of media.
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Sand Media Specifications:
Effective Size: 0.45 mm to 0.55 mm
Uniformity Coefficient: Not greater than 1.6
Depth: 12 inches

Similar to anthracite media, clean—bed headloss for sand media is
calculated using the empirical equation:

where: k = coefficient of permeability = 5.0
g = gravity constant = 981 cm/sec2

F = dynamic viscosity = 0.895 x 10  g/cm-sec-2

" = porosity = 0.42
6/y = 7.5
v = approach velocity in cm/sec

Calculate the value of in a manner as shown in the following

sheet and calculate value of headloss per length of filter depth
in terms of approach velocity. For sand in this example:

h/l = 2.91 v

h = 34.9 v (inches) for 12” of media.
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Summary of Head Losses Through Filter Cell

Calculate combined headloss through the filter for anthracite and
sand media layer:

Calculate Backwash Rate and Media Expansion during Backwashing:

Calculate the backwash rate required to fluidize the anthracite
and sand media at the highest fluid temperature expected. The d90
size particle, those for which 90 percent and smaller than, is
normally utilized for calculation of minimum fluidization
velocity.

Backwash Rate For Anthracite:

Backwash rate required to fluidize anthracite media with
effective size (e.s.) of 0.80 mm — 0.90 mm and a U.C. of 1.5:

— Calculate d :90

d = (1.68 U.C. — 0.68) d90      90

= ((1.68) (1.5) — 0.68) 0.85

= 1.56 mm = 0.0016 m

- Calculate V , the superficial velocity at point ofmf

minimum fluidization:
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where: Remf= Reynolds number at minimum fluidization,
F= viscosity of fluid at temperature T,
p= mass density of fluid at temperature T,
Ga= Galileo number,
ps= mass density of media particles,
deq= use d  as approximation of d ,90    eq

q= gravitational constant, 9.8066 m/sec .2

For this example, use the following constants:
T= 300 C, 86EF
F= 0.798 x 10-3 kg/m sec
p= 995.65 kg/m3
ps= 1,695 kg/m3 (Specific gravity = 1.7)
deq= d90 = 0.0016 m

Using the above equation and constants, calculate the Galileo
(Ga) and Reynolds (R ) numbers:emf

Ga = 43,962 and R  = 20.42emf

Using the above equation, constants, Ga and Remf, calculate the
Superficial Velocity:

V  = 0.0103 in/sec = 1.03 cm/sec.mf

- Calculate the Minimum Backwash Rate for Anthracite
Fluidization:

Increase the calculated superficial velocity by an
additional 30 percent for design purposes for assurances to
provide adequate backwash capability.

Minimum Backwash Rate for Fluidization = 1.3 Vmf
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1.3 V  = (1.3)(1.02) = 1.33 cm/sec = 0.0133 in/sec = 18.9gpm/ftmf
2

- Calculate the Anthracite Media Expansion:

Using a backwash rate of 20 gpm/ft and a water temperature
of 30EC,

(equation 27—18, pg 27—20, Fair & Geyer)

where: fei= porosity of the ith layer,
k= function of fei = 4 when media fluidizes,
g= gravitational constant, 981 cm/sec2,
F= 0.8004 x 10—2 gm/cm sec,
ps= 1.6 gm/cm3,
p= 0.99568 gm/cm3,
y= 0.70
v= 1.35 cm/sec.

— Calculate Total Expansion of Anthracite Layer at 20
gpm/ft  wash rate:2

where: Le= Expanded depth of media
L= Depth of unexpanded media
p= porosity of unexpanded media
po= media fraction within adjacent sieve sizes
fei= porosity of expanded layer i
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— Calculate values of   as shown in the following

sheets.

Using the above constants and equation, calculate the layer
expansion (L ):e

Le = 18.63”

Percent Expansion = [(18.63 - 18)/18] x 100 
=4%

— Calculate Porosity of Expanded Bed at 20 gpm/ft2

L  = 18.63”  (473 mm)e

L = 18.0”  (457 mm)
f = 0.55

fe = 0.57
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— Calculate values of 1/(1-fe) corresponding to values of
f /(l-f ), based on Table 27—5, pg. 27—20, Fair & Geyer —e e

3

Anthracite Media

Anthracite Media
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Calculate Headloss through the Anthracite Layer at 20 gpm/ft2:

hl = (SG - 1) (1 - fe) Le

where: SG  = specific gravity of the fluid
fe  = porosity of expanded bed
Le  = Depth of expanded bed.

    = (1.6 — 1) (1 — 0.57) (18.63)

    = (0.6) (0.43) (18.63)

   hl = 4.8” = 0.40* <—— Head Loss

Backwash Rate For Sand:

Backwash rate required to fluidize sand media with effective size
(e.s.) of 0.49 mm (0.45 mm — 0.55 mm) and a U.C. of 1.6:

— Calculate d :90

d = (1.68 U.C. — 0.68) d90      90

= ((1.68) (1.6) — 0.68) 0.49

= 0.98 mm

- Calculate V , the superficial velocity at point ofmf

minimum fluidization:
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where: R = Reynolds number at minimum fluidization,emf

F = viscosity of fluid at temperature T,
p = mass density of fluid at temperature T,
Ga = Galileo number,
ps = mass density of media particles,
deq = use d90 as approximation of deg,
q = gravitational constant, 9.8066 m/sec2.

For this example, use the following constants:

T = 30o C, 86oF
F = 0.798 x 10-3 kg/m sec
p = 995.65 kg/m3
ps = 2,600 kg/m3
deq = d90 = 0.98 mm = 0.001 m

Using the above equation and constants, calculate the Galileo
(Ga) and Reynolds (Reinf) numbers:

Ga  = 23,123  and  Remf = 11.90

Using the above equation, constants, Ga and Remf, calculate
the Superficial Velocity:

Vmf = 0.0096 m/sec = 0.96 cm/sec.

- Calculate the Minimum Backwash Rate for Fluidization:

Minimum Backwash Rate for Fluidization = 1.3 Vmf

1.3  Vmf= (1.3)(0.96) = 1.25 cm/sec = 0.013 m/sec = 18.42gpm/ft2

- Calculate the Sand Media Expansion:

Using a backwash rate of 49 m/hr (20 gpm/ft) and a water
temperature of 30oC,

(equation 27-18, pg 27-20, Fair & Geyer)
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where: fei  = porosity of the ith layer,
    k  = function of fei = 4 when media fluidizes,
    g  = gravitational constant, 981 cm/sec2,
    F  = 0.8004 x 10-2 gm/cm sec,
   ps  = 2.6 gm/cm3,
    p  = 0.99568 gm/cm3,
    N  = 0.80
  "/N  = 7.5
    v  = 1.35 cm/sec.

— Calculate Total Expansion of Sand Layer at 20 gpm/ft  wash2

rate:

Using the above constants and equation, calculate the layer
expansion (L ):e

Le = 15.8”

Percent Expansion = [(15.8 - 12)/12] x 100
= 32 %

- Calculate Porosity of Expanded Bed at 20 gpm/ft2

Le = 15.8”
L  = 12.0”
f  = 0.42

f  = 0.56c
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— Calculate values of l/(l-f ) corresponding to values ofe

f /(l-f ), based on Table 27—5, pg. 27—20, Fair & Geyer —e e
3

Sand Media

Sand Media
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Calculate Headloss through the Sand Layer at 20 gpm/ft2:

h = (SG — 1) (1 — f ) L1       c  e

= (2.6 — 1) (1 — 0.56) (15.8)

= (0.6) (0.43) (15.8)

= 11.12” = 0.93** = 282.45 mm

Sand Media fluidizes at approximately 15 gpm/ft  wash rate, at2

which point headloss remains constant at 0.93*. Losses at lesser
wash rates are calculated based on stratified bed loss equation:

h = 34.9 v (inches)1

* Both Head Losses for stratified beds exceed the Head Loss
for Fluidization. Therefore, use the Fluidization Head Loss
as a maximum.
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II. TRAVELLING BRIDGE FILTER

Assume average hydraulic loading = 2 gpm/ft  80L/(min m ) 2  2

peak hydraulic loading = 5 gpm/ft  200L/(min m )2  2

average plant flow = 100 gpm 400L/min
peak plant flow = 200 gpin 800L/min
total suspended solids = 30 ms/l
single media filter

Filter Area:

Choose filter area = 50 ft (4.65 m )2  2

Filter Length:

Filter length is selected from standard bed sizes. Assume
standard widths are 6* and 8*

Given standard bed sizes, if one filter is desired, choose the
bed with the closest dimensions to either 6* width and 8.3*
length or 8* width and 6.25* length. If dual filters are
required, choose two 6* filters with lengths adding to 8.3* or
greater, two 8* filters with lengths adding to 6.25* or greater,
or a combination of 6* (1.8 m) and 8* (2.4 m) width filters with
adequate surface area.
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Solids Loading:

Frequency of Backwash:

From Figure 1, Rate of Head loss = 2.25 inches/hour. For a 6”
operating head, the level in the filter will reach terminal head
in 2.7 hours (6/2.25 = 2.7). Time to traverse filter (from
manufacturer) is 0.1 hours. Total time required from completion
of one backwash cycle to the completion of the next backwash
cycle is 2.8 hours. This results in 9 backwash cycles per day.

Percent Backwash Water Required:

III. CONTINUOUS BACKWASH FILTER

Assume hydraulic loading = 5 gpm/ft2

plant flow = 92 gpm

Using the application table, a model 3, with a surface area of
19.0 ft (1.76 m ), would be required. Tank size would be 5.0 ft2  2

(1.5 m) diameter. Air flow requirement would be 1.0-2.0 scfm (28-
56 1/mm) and sand required would be 5.0 tons (4.5 metric tons).
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IV.  CARTRIDGE FILTER

Waste Stream Characteristics

Maximum Flow = 400 1pm (100 gpm)
Maximum Operating Temperature = 60 C0

Design Influent Suspended Solids = 1 ppm
Design Effluent Particle Size = 10 micros
Influent pH = 8.0
The waste stream to be treated also contains residual
soluble alum from upstream treatment process and
aluminum nitrate(s) and barium chloride(s) which is to
be treated by a downstream membrane process. Trace
amounts of ainyl alcohol are also present in the waste
stream.
(s) = soluble.

Selection of Filter Materials of Construction:

The chemicals in the waste stream are compared to the chemical
resistance charts found at the end of this appendix. The chemical
resistance chart is compared to polypropylene filter material and
based on the comparison polypropylene is compatible with the
chemicals in the waste stream.

A review of the, “General Chemical Resistance Chart”, shows that
Polypropylene is also compatible with the maximum operating
temperature and its resistance to alkalies indicates that the pH
of 8 will not impact filter performance.

Therefore, filter materials of construction can be polypropylene.
The Vendor A cartridge filter bulletin shows that the filter,
filter core and outer filer cage are all constructed of
polypropylene. The Vendor A bulletin also indicates that this
filter has a 10 micron rating.

Number of Filters Required:

Assume 10 1pm per 2500 mm cartridge filter length (2.5 gpm per 10
inch cartridge filter length) for Vendor A cartridge. The Vendor
bulletin indicates that a 2500 mm (10 inch) cartridge length has
0.5 square meter of filter media.
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Selection of the filter lengths and number of filters selected
may be based on space limitations, operating procedures for
changing longer filters and limited overhead space, or filter
suppliers standard housing configurations.

Housing Selection:

The materials of construction must be suitable for the waste
stream characteristic including temperature. The Vendor A product
bulletin has PVC and CPVC housings which are compatible. From the
Bulletin the housing should be manufactured of CPVC to give added
temperature protection and it should be the 12EFC model which
provide flowrates up to 450 L/min (120 gpm) and it should contain
18 — 500 mm (20 inch) filters.

V. BAG FILTER



ETL 1110-1-159
30 Sep 94

C-27

Waste Stream Characteristics

Maximum Flow = 400 1pm (100 gpm)
Maximum operating Temperature = 60 C0

Design Influent Suspended Solids = 1 ppm
Design Effluent Particle Size = 10 microns
Influent pH = 8.0
The waste stream to be treated also contains residual
soluble alum from upstream treatment process and
aluminum nitrate(s) and barium chloride(s) which is to
be treated by a downstream membrane process. Trace
amounts of amyl alcohol are also present in the waste
stream.
(s) = soluble.

Selection of Filter Materials of Construction:

The chemicals in the waste stream are compared to the chemical
resistance charts found at the end of this example. The chemical
resistance chart is compared to polypropylene filter material and
based on the comparison polypropylene is compatible with the
chemicals in the waste stream.

A review of the, "General Chemical Resistance Chart", shows that
Polypropylene is also compatible with the maximum operating
temperature and its resistance to alkalies indicates that the pH
of 8 will not impact filter performance.

Therefore, filter materials of construction can be polypropylene.
The Vendor B bag filter bulletin shows that the bag filter and
bag filter core are all constructed of polypropylene. The Vendor
B bulletin also indicates that this filter is available in a 10
micron rating.

Number of Filters Required:

For standard filter vessel model FSP-85, 1-number 2 bag size can
handle a maximum flow 800 L/min (200 gpm). The filter hydraulic
loading based on the bags surface area of 0.50 m² (4.4 ft ) is  2

calculated below:

Housing Selection:
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The materials of construction must be suitable for the waste
stream characteristics including temperature. The Vendor B
product bulletin has housings which are compatible. According to
the Vendor B data, the FSP-85 unit would be suitable for this
application with a number 2 bag.

Comparison to Cartridge Filter Design:

The bag filter requires only one bag as opposed to the 18
cartridge filters required to treat the same waste stream. This
significantly reduces disposal cost when a bag filter is used
versus cartridge filters.

The bag filter operates at nearly 90 times the hydraulic loading
rate for the same throughput.

One additional consideration is that provisions could made to
clean the bag filter for reuse and that systems are available in
flowrates beyond the scope of this document.
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